Abstract
Introduction

6
Several methods for the electrochemical reduction of metal oxides using molten salts 7 have been actively developed in the past decades [1] [2] [3] [4] [5] [6] [7] [8] [9] . For example, the OS the FFC process is a direct reaction in which a metallic oxide is used as the cathode, 16 where it is reduced electrochemically to remove oxygen ions [4] .
17
The electrochemical and thermochemical reactions involved in these mechanisms can (electroreduction at the cathode) (6) 11 nO 2-+ C → CO n + 2ne -(n = 1 or 2) (at the anode) (7)
13
In both processes, the dissolution of O 2-in the chloride melt is critically important to reduce metallic oxides more efficiently than other combinations of oxides and chlorides.
17
The key advantage of both methods is that they enable the direct reduction of the 18 oxides. This is not true for the Kroll process conventionally used in industry, and thus with Ar gas. While this temperature was maintained, a gaseous Ar-CO 2 mixture was 16 flowed through the furnace to dissolve into the molten salt for a predetermined time.
The partial pressures of Ar and CO 2 gas in the mixture could be controlled in a range of 
Results
8 Table 1 shows the experimental conditions and the results obtained. Interestingly, peaks corresponding to lithium oxide disappeared in the XRD patterns of 6 sample #B. The alumina peaks originated from the broken crucible.
7
Since the molten salt used in this study did not include network-forming entities such 
In the above equation, N Li2O and N LiCl are the initial molar quantities of Li 2 O and LiCl 7 added to the crucible, respectively, and Δw (g) is the mass difference caused by the 8 dissolution of CO 2 gas. N CO2 is the molar quantity of dissolved CO 2 , and M CO2 (g/mol)
9 is the molecular weight of CO 2 .
10
To measure the maximum solubility of CO 2 , CO 2 should be saturated in the molten salt. 
Effect of salt evaporation 7
Because the sample in the crucible constantly loses mass when the molten salt is kept 8 at a high temperature, it is necessary to evaluate the mass loss due to the molten salt The compensated solubility of the CO 2 gas in the molten salt, X CO2, meas. was thus 3 calculated by considering the amount of salt that evaporated. However, this 4 compensation hardly affected the CO 2 solubility: its contribution was less than 1%. 
Solubility of CO 2 gas in molten LiCl
7 Table 2 shows the CO 2 solubility data. X Li2O,id. is the target composition before 8 weighing, and X Li2O,meas. is the measured composition calculated from the amounts of Regression analysis revealed that the slope of the straight line showing the proportional 8 relationship between the two variables was 95% of the slope for the ideal relationship. in the CaCl 2 -CaO melt was also studied at temperatures higher than 923 K, at which 13 the thermal stability of CaCO 3 is weaker. The solubility at P CO2 =1 atm is useful for 14 evaluating the concentration of CO 2 close to the anode in the OS and FFC processes,
15
because O 2-at the carbon anode reacts with carbon to form CO 2 gas bubbles at 16 P CO2 =1.
17
When the metallic oxide is reduced at the cathode in carbonate ion-rich molten salt in 
3 Therefore, the cathodic potential in this process must be kept at the voltage that LiCl-Li 2 O molten salt is used to decompose gaseous CO 2 , the CO 2 gas bubbling 10 changes the composition of the residual molten salt from LiCl-Li 2 O to 11 LiCl-Li 2 O-Li 2 CO 3 . In this context, the CO 2 solubility obtained in this work will be 12 valuable for future applications.
13
Supposing that the decrease in CO 2 solubility at P CO2 = 0.1 atm is due to the liquid LiCl correspond to the compositional points A and B in Fig. 6 , respectively.
17
Assuming that the maximum solubility of CO 2 in liquid LiCl at P CO2 = 0. although this correction to the CO 2 solubility was less than 0.1%. After this correction,
7
it was found that a molar quantity of CO 2 gas as large as 95% of the molar quantity of The formation of Li 2 CO 3 due to CO 2 dissolution and its dissolution into the LiCl melt
10
were observed by XRD analysis. The dissolution behavior of CO 2 gas is identical at 11 P CO2 = 1.0 and 0.5 atm. However, the possible precipitation of Li 2 O at P CO2 = 0.1 atm 12 was discussed on the basis of the ternary phase equilibrium. Strem Chemicals Co.
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